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LOS ALAMOS TEST ROOM RESULTS*

R. D. McFarland and J. D. Balcomb
Lcs Alamos Nat’onal Laboratory
Los Alamos, New Mexico 87545

ABSTRACT

Fourteen Los Alamos test rooms have been
operated for several years; this paper cov-
ers operation during the winters of 1980-81
and 1981-87. Extensive data have been taken
and compuier analyzed to determine perform-
ance parameters such as efficiency, solar
savings fraction, and comfcrt index. The
rooms are directly comparable because each
has the same net coefficient and solar col-
lection area and thus the same load collec-
tor ratio. Contigurations include direct
gain, unvented Trombe walls, water walls,
phase change walls, and two sunspace geome-
tries. Strategies for reduciig heat loss
include selective surfaces, two brands ot
"superglazing" windows, a hezt pipe system,
and convection-suppression baffles. Signif-
icant differences in both backup heat wnd
comfort are ohserved among the various
rooms. The results are useful, not only for
direct room-to-room comparisons, but also to
provide data for validation of cemputer sim-
ulatior programs. Availability of hourly
data Is described.

1 INTRODUCTION

The purpose of this paper s to summarize a
large quantity of results obtained from
analysis o’ Los Alamos test room data taken
during the winters of 1980-81 anJ 198]1-87.
Prev liovs data have besn given in Refs. 1.5,

Fourteen test rooms were operated throughout
the two winters. The rooms are buflt in
soven Side by-side paivs with an insulated
wall betwoen rooms as shown in Fig. 1. The
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general construction consists of 2 by 4
frame walls insulated with fiber glass with
a 1-in. sheet of expanded polystyrene insu-
lation on the inside. Thus the rooms them-
selves deliberately have very low thcrmal
mass; the predominant mass is in the added
passive solar element such as a Trombe wall,
a water wall, or internal concrete blocks
used in direct gain.

With the exception of one "{ree-running"
Trombe wall, each room is maintained at or
above a minimum setpoint temperature of

659F using calibrated light bulbs as a

heat source operated on a thermostatic-type
control. To minimize the uncertainty asso-
ciated with unknown infiltration, each room
is pressurized using a small fan that intro-
duces a calibrated three air changes per
hour continuously into the space.

Data scans are made 1B) times per hour using
a Hewlett-Packard 9845 -based data acquisi-
tion system. Hourly averages are computed,
recorded on tape, and then transferred to
disk computer storage for analysis. Approx-
imately 179 data channels are recorded in-
cluding thermocouples, pyranometers, auxil-
fa'y heat, and weather iInformation.

In order to be comparable, most of the test
ronms have the same net load coefficient of
?6 Btu/h 9F (excluding the south aperture)
ang the same net projected area of 723.44

fLe (45 in. by 7% in., net) resulting in g
load/collector ratio (LCR) of 76.6 Btu/ft
OF day. 1This {s a reasonabie LCR value

for a cold climate like that of Los Alamos.

2. TEST ROOM CONF IGURATIONS

The configurations ¢ the test rooms are
shown in Fig. 7. wHooms 9 and 10 were used
for special experiments aimed al the retro
{1t of existing US Navy buildings; resulls
frim these are reported elsewhere. b, In
1980 B1 Room 17 had no auxiliary heat or
forced ventilation (free running). Ip

*this work was performed under the avspices of the US Department of tnerqy, Office of Solar

Heat lechologles.



Winter of 1980-8)

| |5.62-19. unvented concrete Trambe wal),
29.8 ft<, flat black.
2 15.62-1p. unvented concrete Trombe wall,

29.8 ft<, “Berry Foil“ selective surface.

Double-wid: sunspace, single 60 glaz-
ing planc, mass back wall and floor.

=
Iu

12-1n. Crimico® wter wl), Berry Foil
5 selective surface.

116 Texxor® phase change cans (calcium chloride)
6 stacked as an unvented thermal storage wall,
4.62 in. D by 6.94-1n. cans, Berry Foil selec-

tive surface, advertised latent heat = 345

Btu/can.
N
L7 & % Double-wide sunspace, equal-ares 90°
> and 300 glaring planes. Mass back
8 N // wall and floor.

Dire:t gain, mast is 182 concrete blocks
T measuring 5.62 in. by 7.62 in. by 15,62 in. on
floor, E, W, and » walls. [Lxposed surface area
= 146 H’ (mats-vo-glassy area ratio = 6.2).

|2 15262 in. unvented concrete Trambe wall, 29.8
B Tt, flat black, no auniliary or forced
ventilation.
13 Referance room, solar aperture replaced with 4

in. styrofoam wall, covered with plywood.

i4 Six heat-pipe units built at Battelle Memoria)
- Inmstitute (two units inoperative).

Minter of 1981-82

l Same as 1960-61,

2 Same a3 1980-8%.

P Sunspace with single 600 glazing
3 7z plane, forced convection to roam on
d thermostat; water drums, insulated wal).
/,
4 // Sunspace with single 600 glazing
plane, natural convection to roam water
drums, insulated wall.
5 Same as 1980-01.

27 Boardman® phase change cans (sodium sulphate)
6 stacked as & thersal storage wall, 4.75 in. D by
24-in. cans, Berry Foil selective surface,

advertised latent heat = 2000 Btu/can.

15.62 vn. unventcd concrete Trombe wall, flat
7 black, glazed with Weathe:shield Quad-Pane®,
(2 3-M Sungain® films betwsen two glais panes.)

8 15.62 in. unvented concrete Trombe wall, flat
black, glared with [ng!ro Glasy glazing (one

Southuall Hest Mirror® f{im between two glams
panes ).

Same a3 Y900-8) except with only 99 concrete
Il blocks (about half the enposed area).

Some a3 Room No. 1. Channed to a Lonvection-
12 sppression concept during Period No. 3. This
concept utes 450 down-sloping baffles sede of

plastic shests.

i3

Some 01 1900-M1.

19 Seme a1 1980-8),

Fig. 2. Test room configurations.

198()-8] Rooms 3 and 4 and also Rooms 7 and 8
were configured as pairs to represent sun-

- pace configurations and Lhus constitute
single exper iments. Detailed descriptions of
the room configurations for 1980-B1 a-e yiven
in Ref, 4. Note that the glazing area used
to ralculate LCR s the projecied area, that
{s, the same a3 the a-ea measured in an ele-
vation view of the builiding and not the ac-
tual collection area. This is consiztent
with the convention estabiished at Los Alamos
for sunspace analysis.

J.  PERFORMANCE MEASURES

Three main parformance indices are calculated

based on the observed hourly data averages.
The first is the "usefu:" efficiency, n,,
defined as

ng = S AD) .

where S - ¥l - Aux | ¢ Mal,
1y, = ylvertical solar radiation],
A" ~ projected area,

wvhere L« NC (T = TA) + 04C (1G - 1GN)

where NLU « net 'oad coefficient, measured
in rererenLe Room No. 13,
Tl » inside globe temperature or
650F, whichever is smaller,
TA = ambient temperature,
CLC = cell-to-ce!i load coefficient
(3.5 Btu/OF n),
To » inside globe temnerature,
TGN = inside globe temperature of
sdjacent room,
Aux - auxiliary heat,
M - heat storage mass x heat
capacity,
a4l = ch.nge in aierage mass tempera-
ture over the time period, and
). represents an hourly summation
over the t:me period.

The “useful"” efficiencv does not count as
usetu! any heat grester than the lhermostat
setpoint of 65°F, tnat is, credit is not
given for overhvating the room. Vhe useful
efficiency can be significantly less than
the total effictency {(computed with 13
tnstead of T1) for test rooms that tend
toward overheating, such ay the direcy gain
voam, This can nTtor the rank ordering of
room performance,



The second performance measure i+ ‘he “"use-
ful" solar fraction, F,, defineu

Fu = 1 - rlAux]/zlL]

This fraction is as close as one can cCorn:
experimentally to the conventional "solar
savings fraction" used in performance
prediction.

The third performance measure is the "dis-
comfort index," DI, described by Carroll.8

DI = ZLE2W)/zlW) .

where W = weighting factor
-1 , 7 a.m. - 11 p.m.
=05, 1 pm - 7am ,
E = temperature error .
=0.93 7G +0.04 TA + 2.0 - PT ,
PT = preferred temperature ,
= 0.91 TB - 0.09 A - DN ,
where DN = O, 7 a.m. to 11 p.m.
4, 1l p.m. to 7 a.m.
TB = base temperature = 72.50F

Units of discomfort inder are (°F)2.

Because this is a measure of discomfort, a
zero value indicates perfect comfort, and a
doubling of DI indicates that a person would
he roughly twice as uncomfortauble,

4. RESULTS

Four test periods fo- 1980-8l are described
in Tables | and IlI. Three test periods for
1981-82 are describ:d in Tables Il and III,
Results for both w'nters are given in Table
IV. The winter of 1980-81 was very mild
compared with typical Los Alamos weather,
whereas the winter of }981-82 was more
severe and more typical.

A computation of the U-value for Rooms 1 and
? has been reported separately in Ref, 9,
showing a very significant reduction in the
effective U.value for the selective surface
on Room ? used tn conjunction with both
single and double glazing.

5. AVAILABILITY OF 1980-81 DATA

A full set of hourly data for the period
Necember 7, 1980, through March 31, 1981, is
included or microfiche in Ret. & and is
available in any of severa'! forms fraom the
Solar Inergy Group, Los Alamos dational

| ahoratory, Mail Stop K571, Los Alamos,

New Mexico B/58%, (50%) 66/-2620.

6. VAUIDATION OF SIMUCATION MODELS

Perhaps the major use of passive test room
data has bern in the validation of computer
simulation models of passive concepts, Most
validation has been accomplished to build

confldence in the models within the Los
Alamos Solar Group—to be sure that correla-
tions and sensitivity data that result from
annual simulations present an accurate per-
formance picture. Most of the validation
comparisons have not been published; how-
ever, some good examples showing the proce-
dure used are given in Refs. 2 and 10. Gen-
erally temperatures anywhere within the test
rooms can be predicted within £2C0F on av-
erage or #80F during extreme transients,
Auxiliary heat can be predicted within abont
4% of the total heat requirement of the room
(L in the previous equations). This is a-
chieved withuut adjusting model parameters.
This accuracy is deemed sufficient.

7. CONCLUSIONS

1. Reasonable useful efficiencies in the
range of 20 to 40% are obtained in all of
the test rooms.

2. Very significant performance and comfort
var iations are evident amo.g various test
rooms.

3. Good solar fractions (in the range of 40
to 90%+) are achieved in the test rooms.

4. A significant performance increase is
obtained with the use of a selective
surface. A direct comparison was made
only for Trombe walls, but earlier data
(1979-80) indicated a similar effect for
water walls. A 40% increase in useful
efficiency is observed during 1981-82
through the use of a selective surface on
a double-glazed Trombe wall. Ouring
1980-8]1 problems with both foil adhesion
and foil quality had becn noted. New
foil was installed before 1981-82, and
data taren subsequently are considered to
bc more representative of the perform-
ance enhancement that can be realized.
The enhancement is more pronounced during
colder weatner, as expected.

5. Trombe walls (without vents) have better
comfort characteristics than the other
systems tested.

6. The water wall room (No. %) has consis-
tently excellent performance. This is
brcause of the combination of high .hass
(63 Btu/OF ftg) and selective
surface. ’

7. The 1920.8] (Texxor®™) PCM wall has reason
ably good performance but overheats badly.
Apparently the advertiged phase change
potential (172% Blu/flg) ‘s not being
utilized effectively, "Leaks and corrosfon
were noted in many of the cans.

8. The 1981 B2 {(Boardman Energy Systems™)
PCM wall has the best performance of all
the test rooms and also has reasonable
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CONF [GMATIONS DURING SELECTED TIMNE PEAIQDS, 1980-871

ar’y Otner

Periar 1: Decemder 20, 1980-January 2, 1981

nc Trvented T-ombe wall, Vlal Black.
k] Umecnted Trambe wall, selective abscrie-.
no Sumsgete with mgsom-, wall, sumspece doc-s
ways c'osed.
L] Mater wall, selective sbsorber.
L Prase-change Cons.
L] Sumipece with coagm end walls. synspace door
diway; cleted.
L] C'rect ga's mps'nted,
- ot coerat'ozal.
Periog 2: Jamuary 6-19, 198!
ye Sow 3. Pe-'od 1.
~ Seme a3 Pericd 1.
b 2 Same a1 Perfod ' except sumspace door
coened dp'ly.
L] Seme &y Perfod 1.
~ Some g5 Per'ca 1.
L] Samp a3 Pe-'0 1 ere~t sumpace doo-
opener! da‘ly.
yes Same a3 Pe-' 1.
- Kot operat’caal.
Per'od 1: Febria-y 14-27 ‘W81
yos Same oy Pertod T,
nc lemp &y Per'cd ).
aal Ssmoace w'tr 'miulated wall, fice waler drm
‘or stoege. Smspace docr opened da‘ly
'l Fedraarv 22, open at a'l Limes ater
Tobrary 22.
~ Same a3 Period V.
L] Samp &y Pericd 1.
g Syr.pace w''- glared end walls. Sunspace door
opened Ca 5.
yeu Direct go'= pa'nted dark brown.
~ Wert pipe cc'lector/mater storage.
Period 4: Ma—cth 15-28, 1981
L] Seme a3 Per-od | except with reflector.
[ ] Seme as Per‘cc 1 esxcept w'th reflector.
L] S&c as rerfod ] escept wilh 10 aater drums,
L] Samp a3 Perior | except with reflector.
L] Seme & Period 1.
L] Lamg a3 Perioc 1 exrept sunspace docr open at
all U'mes
- Same a3 %e-'o¢ ).
L] Seme a3 Pe-fo¢ 1

(a) R = sgmber of glaz'mg lapers.

(b} W1

o a'ght 'mylation,

TABLE 11

AVERAGE DAILY WEATHER DATA FOR SELECTED PERIODS

Av Mir Max Vertical Horizontal Wind
Temp Temp Temp Insclation [nsolation  Velocity
(%) () (%) _(Burly  _(Buw/ftd) (mon)
38.3 28.0 5.1 1895 938 3.4
31.ea 2.9 42.8 1464 864 3.5
1.7 27.4 ©SA.6 1610 1355 4.6
39.5 28.4 50.4 1305 1708 6.7
28.3 19.3  37.4 1550 79 3.8
38.7 29.4 494 1301 1364 4.7
38.7 3.0 49.7 1233 1420 5.3
TABLE IIl

CONF IGURATIONS TURING SELECTED TIME PERIODS, 1981-82

1,80-81

Dec. 20-Jan. 2
Jan. 6-Jan. i9
Feb. 14-Feb. 27
Mar. 15-Mgr. 28

1981-82

Jan. 12-Feb. 15
Feb. 16-Mar. 22
Rer. 2-Mar. 22
Room 28

1 2

2 2

3

:

5 1

6 2

7 A

[} 3

1 2

124 2

14 2

1 2

F4 F4

] 2

‘ 2

5 !

6 2

? 4

8 3

n 2

12

14 2
1.1, 1

126 2

Other

Period 1: January 12 - February 15, 1982
Onvented TH, T1at bYVack,

Unvented TW, selectlive surface.

Not operacional.

Rot operational.

Water wall, selective surface, single glazed.
Phase change tubes, selective surface.
Trombe wall, Quad Pane®,

Trombe wall, Heat Mirror®,

Direct ga'n, 3:1, dark brown.

Same s No. 1.

Heal pipe collector/mater storage.

Perfod 2: February 16 - March 22, 1962

Some as TerTod 1.

Same as Period 1.

Sunspace with waler drums, forced convection to room on

thermostat.

Sunspace with water drums, natural convection to room.
Same s Period ).

Seme as Period 1.

Same as Period 1.

Seme a3 Perlod 1.

Sawe as Period 1.

Mot operational.

Same as Period 1.

Period 3: March 3 - March 22, 1982 (overlaps Period 2}
Tave as PerTod 1.
Corrveclion suppression scheme.




10.

TABLE IV

RESULTS FOR 1980-8)

Useful Efficiency, S

Useful Solar Fraction, ¥

Discomfort Index (°r)2

Room Pis P2 P3 4 Pl P? P3 P4 P P? P3 P4
1 0 39 3 27 72 69 90 51 16 2 10 13
2 ki) kT 29 kT 7% 63 86 71 13 26 10 0
3 % 3% 28 © 58 66 19 72 23/13  55/29  1715/15 23710
5 3% q 31 45 8 i 93 82 2 16 3% 13
6 xr 45 33 3% 83 1] 88 68 11§ 49 91 6
1/8 20 0 28 39 70 60 83 0 19/32  65/55  97/45 61/23
n 3% * » 82 77 98 55 2 32 a5 6
12 (25) (31) (22) (29) (100) (i0) (100) (100) (39) (68)  (26)  (52)
" - 3 3% - - 8 67 - - 19 6
RESULTS FOR 1981-82
Roam Pl P2 (] Pl P2 Ps Pl P2 P3
] 21 2 pa) 26 a8 [}] ) ] n
2 N 3 3l ©0 57 54 1 4 5
3 - X 2 - 54 53 - 16 19
4 - % 0 - 5) 50 - 21 16
5 3 2 4 4 62 59 3 10 5
6 © M M 5t 67 63 5 9 5
7 % 2 n 4 56 55 ? 3 3
8 23 26 I3 28 5) 45 1 3 2
1 21 2 2 25 39 % 49 50 3%
12 a5 - 1} ke . a7 2 - 1
14 kY 27 26 5 @ 4 2 5
*P| refers to Perlod 1, etc.
comfort characteristics. This is thought fluid, for example. Freon® Performance
to be associgted with a high latent heat may benefit from the usc¢ of a selective
(2330 Btu/ftg) and immobility of the surface.
mel.2d salt Tn the can. (This is consis-
tent with Bourdeau's 1indings.11) I1. The direct gain room results are somewhat

. The Quad-Pane® glazing worked well in

conjunction with a Trombe wall. However,
the Heat Mirror® glazing did not show
significant improvement over ordinary
doable glazing. The advertised U-va'lue
of bo%h glazings is very low (~0.25 Btu/h
OF ft<). The difference in perform-

ance iy thought to he raiced hy the
higher transmission of the Quag-Pane®
glazing. We also note that the JQuad-
Pane® application could benefit signifi-
cantly from the use of a selective sur-
face on the Trombe wall because its low
U-value Is based on convection suppres.-
sfon (3 cavities). However, the Heat
Mirror® anplication would probably not
benef it from a selective surface on the
Trombe wall because its low U-value is
based on the low emittance properties of
the enclused film., Thus the combinat ion
of a low-convection, high transmiss fon
glazing, seiective surface, and water
wall, Trombe wall, or PCM wall could be
expected to show exceptional performance.

The heat pipe room shows excellent
performance despite having only three of
the four exposed units operational. The
failure of the units {s thought to be due
to freezing of the small amount of water
used in the heat pipes. this could be
alleviated by using a different working

amb iguous but the following conclusions
are fairly clear.

a. Performance with night insulation, a
6:1 mass-to-glass area ratio, anc
light colored surfaces is quite
good, and comfort is marginal
(Periods 1-2, 1980-81).

b. Performance without niaht insula-
tion, a 5:1 mass-to-glass area
ratio, and dark colored surfaces is
among the lowest cf all rc.ms, and
discomfort is extreme (1981-82).

The use of night insulation is thought to
bc the major cdeterminant in performance
and the higher mass-to-glass area ratio
is thought to be the major determinant in
comfort.

The effect of color {e not clear. The
decrease in performance in Period 4 com-
vared wiith Perlod 1 (1980-81) would indi
cate that the dark color reduces perform-
ance. The average temperature and the
mass-to-glass area ratio are the same for
the two perfods. However, a significant
change 1n sun angles may have iInfluenced
Lthe results,

By contrast, there ts a small relative
performance improvement noted be'ween
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13.

14,

8.

Periods 2 and 3 (1980-Bl) indicating that
the dark color helps. However, a signif-
icant change in average temperature be-

tween the:ze two periods would also be ex-

pected to improve performance in Period 3.

The performance of the sunspace rooms in
1980-81 is ordinary, although overheating
is a problen. Presumably venting the
sunspace in fall and spring, plants in
the sunspace, and occupant control of
sunspace-building convective openings
would all help to mitigate overheating.
No major difference is noted between the
two configurations tested. Two expected
effects are clear in the resuits:

a. added sunspace mass increases com-
fort (Period 4, 1980-8l), and

b. night insulation increases perform-
ance (Periods 2-3, 1980-81).

Many different variations were tested,
and we rely primarily on the validation
of simulation models and the use of these
models to sort out the many differential
effects.

In 1981-82, sunspace Rooms 3 and 4 were
separated. The only difference between
them was control of air flow from sun-
space to room. Air flow is fan-forced on
a room-temperature tiermostat set at
750F {n Room 3 and through vents by
natural convection in Room 4 (both vents
have backdraft dampers). This arrange-
ment improves performance Somewhat and
comfort greatly in Room 3 compared with
Room 4,

Although the data are for a very limited
per iod quite late ir. the year, the con-
vection suppression scheme tested in Room
12b does nct seem to have improved per-
formance. {(Period 3, 1981-82)
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